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(54) Blade for corneal surgery and corneal surgical apparatus comprising the same 



(57) A blade for corneal surgery for separating a cor- 
neal epithelium in a flap shape, includes: upper and low- 
er blade surfaces; and an edge surface connecting the 



upper and lower blade surfaces, the edge surface hav- 
ing a height of 1 to 70u.m and a connecting portion with 
each of the upper and lower blade surfaces having a 
curved surface. 



CM 

in 

CNJ 

CO 



FIG. 1 



11 



\ 
\ 
\ 
\ 




CM 




y. 


< 







Q. 
LU 



XID: <EP 1 32572 1A2J_> 



Printed by Jouvc. 750O1 PARIS (FR) 



'/ 



EP 1 325 721 A2 



Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a blade for cor- 
neal surgery which is suitable for separating (incising) 
a corneal epithelium like a flap and a corneal surgical 
apparatus comprising the blade. 

2. Description of the Related Art 

[0002] There has been known LASIK (Laser in Situ 
Keratomileusis) for the kerato refractive surgery in which 
a flap is formed by incising a corneal portion with a thick- 
ness of about 0.15 mm ranging from a corneal epitheli- 
um to a corneal stroma with a part of the cornea remain- 
ing connected like a hinge : ablating the corneal stroma 
in a refractive correction amount by a laser beam, and 
returning the flap. In the LASIK, there is used a cornea! 
surgical apparatus called a microkeratome which 
serves to incise the cornea in a layered form. 
[0003] In recent years, attention has been paid to a 
method of LASEK (Laser Epithelial Keratomileusis) in 
which a corneal epithelium except a hinge is cut in an 
annular by an epi-trephine, and the corneal epithelium 
is immersed in alcohol and is swollen, and a flap is 
formed by separating the corneal epithelium from a 
Bowan's membrane by means of a golf knife, and a cor- 
neal stroma is ablated by a laser beam and the flap into 
an original position is returned. The LASEK can also be 
applied to a thin cornea Lo which the LASIK cannot be 
applied. 

[0004] Furthermore, there has been proposed a 
method of separating a corneal epithelium by means of 
a thin wire (a line diameter of approximately 50u,m) to 
form a flap without using alcohol. 
[0005] However, the use of the alcohol may damage 
a cornea and a great deal of time and labor is required 
for forming a flap by means of a golf knife. Moreover, 
the tensile strength of the wire is required for forming a 
flap by means of a wire. If the wire is thickened to in- 
crease the strength, it is hard to smoothly separate the 
corneal epithelium. 

SUMMARY OF THE INVENTION 

[0006] In consideration of the problems of the conven- 
tional art, the invention has a technical object to provide 
a blade for corneal surgery which can form a corneal 
epithelium flap easily and smoothly without using alco- 
hol, and a corneal surgical apparatus comprising the 
blade. 

[0007] In order to attain the object, the invention is 
characterized by the following structure. 

(1 ) A blade for corneal surgery for separating a cor- 
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neal epithelium in a flap shape, comprising: 

upper and lower blade surfaces; and 
an edge surface connecting the upper and low- 
er blade surfaces, the edge surface having a 
height of 1 to 70iim and a connecting portion 
with each of the upper and lower blade surfaces 
having a curved surface. 

(2) The blade according to (1), wherein the curved 
surface in the connecting portion has a radius of 
curvature of 0.5 to 35um 

(3) The blade according to (1), wherein an angle 
formed by the upper and lower blade surfaces is 1 0 
to 70 degrees. 

(4) The blade according to (1), wherein 
the height of the edge surface is 1 to 50um, 
an angle formed by the upper and lower blade 

surfaces is 10 to 50 degrees, and 

a radius of curvature of the curved surface in 
the connecting portion is 0.5 to 25um. 

(5) A corneal surgical apparatus having the blade 
according to (1 ) further comprising a holder for de- 
tachably holding the blade. 

(6) The corneal surgical apparatus according to (5), 
further comprising: 

an oscillating unit which laterally oscillates the 
blade, and 

a translating unit which moves and translates 
the blade in a direction of separation. 

(7) The corneal surgical apparatus according to (6), 
wherein a lateral oscillation frequency is 5,000 to 
25,000 rpm and a translating speed is 0.4 to 6 mm/ 
sec. 

[0008] In The present disclosure relates to the subject 
matter contained in Japanese patent application Nos. 
2001-375692 (filed on December 12, 2001) and 
2001-379251 (filed on December 12, 2001 ) : which are 
expressly incorporated herein by reference in their en- 
tireties. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] 

Fig. 1 is a sectional view and a block diagram show- 
ing the schematic structure of a corneal surgical ap- 
paratus according to a first embodiment of the in- 
vention, 

Fig. 2 is an enlarged view of Fig. 1 , illustrating a cut- 
ting unit and a suction unit, 
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Fig. 3 is a sectional view taken along a line A - A in 
Fig. 2. 

Fig. 4 is a sectional view taken along a line B - B in 
Fig. 2. 

Fig. 5A is a plan view showing a blade according to 
the first embodiment, 

Fig. 5B is a sectional view showing the blade ac- 
cording to the first embodiment; 
Fig. 6A is an enlarged view of Fig. 5B, illustrating 
the edge of the blade, 

Fig. 6B is an enlarged sectional view showing a var- 
iant of the edge of the blade in Fig. 6A, 
Figs. 7A and 7B are views showing an electron mi- 
crograph for the edge of a first blade used in an ex- 
periment, 

Figs. 8A and 8B are views showing an electron mi- 
crograph for the edge of a second blade used in an 
experiment, 

Figs. 9A and 9B are views showing an electron mi- 
crograph for the edge of a third blade used in an 
experiment, 

Figs. 10A and 10B are views showing an electron 
micrograph for the edge of a blade for LAS IK, 
Fig. 11 is a view illustrating the relationship between 
the rectilinear movement and lateral oscillation of 
the blade and the incising angle of an edge. 
Fig. 12 is an outside view showing the schematic 
structure of a corneal surgical apparatus according 
to a second embodiment of the invention, 
Fig. 1 3A is a sectional view showing a blade accord- 
ing to the second embodiment. 
Fig. 1 3B is a sectional view showing a variant of the 
blade in Fig. 13A, 

Fig. 1 3C is a sectional view showing a variant of the 
blade in Fig. 13A, 

Fig. 14 is an outside view showing a variant of the 
corneal surgical apparatus in Fig. 12, 
Fig. 1 5 is a view showing an annular cut formed on 
a corneal epithelium, 

Fig. 1 6 is a view showing a method of forming a cor- 
neal epithelium flap, 

Fig. 17 is a view showing the method of forming a 
corneal epithelium flap, 

Fig. 1 8A is an outside view showing a variant of a 
blade in Fig. 14, 

Fig. 1 8B is an enlarged sectional view showing the 
edge of the blade in Fig. 18A, and 
Fig. 18C is an enlarged sectional view showing a 
variant of the edge of the blade in Fig. 1 8B. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

First Embodiment 

[001 0] Referring to the accompanying drawings, a de- 
scription will be given of a first embodiment .of the 
present invention. Fig. 1 is a cross-sectional view and a 
control system diagram of a corneal surgery apparatus 
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in accordance with the first embodiment. 
[0011] Reference numeral 1 denotes a main body. A 
suction unit 3 for fixing the apparatus to the patient's eye 
and a cutting unit 2, which has a blade 20 for incising 
5 and separating the corneal epithelium and is adapted to 
move (translate) rectilinearly on the suction unit 3, are 
provided on the front side (left-hand side in Fig. 1 ) of the 
main body 1 . 

[0012] A translating motor 11 for rectilinearly moving 

10 (translating) the cutting unit 2 (the blade 20) in a incising 
and separating direction corresponding to the forward 
and backward direction (in the z direction) and an oscil- 
lating motor 12 for imparting oscillations in the lateral 
direction (in the X direction) to the blade 20 are installed 

*5 in the main body 1 . A feed screw 13 is coupled to a ro- 
tating shaft of the motor 1 1 , which has a threaded portion 
corresponding in length to the rectilinear movement 
(translation) or travel of the cutting unit 2. An attaching 
member 14 is threadedly engaged with the screw 13. 

20 The motor 12 as well as a connecting member 17 to 
which the cutting unit 2 is connected are fixed to the at- 
taching member 14. As the motor 1 1 is rotated forwardly 
or reversely, the motor 12 and the connecting member 
17 move forwardly or backwardly (in the Z direction) 

25 through the screw 13 and the attaching member 14, 
thereby causing the cutting unit 2 to move (translate) 
forwardly or backwardly. Further, the connecting mem- 
ber 17 rotatably holds a rotating shaft 15. An eccentric 
pin 1 6 is embedded or protruded on a distal end of the 

30 rotating shaft 15 at a position offset from the center of 
rotation, and the eccentric pin 1 6 imparts lateral oscilla- 
tions to the blade 20. 

[0013] Fig. 2 is an enlarged view of the cuLLing unit 
2 and the suction unit 3 shown in Fig. 1 . Fig. 3 is a cross- 
es sectional view taken along line A - A of Fig. 2. Fig. 4 is 
a cross-sectional view taken along line B-B of Fig. 2. 
[0014] The cutting unit 2 is comprised of a blade hold- 
er 21 a and a holder block 21 b for holding the blade 20 
in such a manner as to permit lateral oscillations; a first 
to oscillation transmitting member 22 for Lransmitting the 
lateral oscillations generated by the eccentric pin 16; a 
second oscillation transmitting member 23 for transmit- 
ting the lateral oscillations by the first transmitting mem- 
ber 22 to the blade 20, and a cornea applanating mem- 
45 ber 24 fixed to the block 21 b by means of an attaching 
member 24a. A rotation hole into which the rotating shaft 
1 5 is inserted is provided inside the block 21 b, and a tip 
portion of the connecting member 1 7 is fixed thereto. 
[001 5] A metal blade having a blade edge of stainless 
so steel, steel, or the like or a mineral blade having a blade 
edge of diamond, sapphire or the like is used as the 
blade 20. The blade 20 is held between the holder 21a 
and the block 21b at about 25 degrees with respect to 
the horizontal plane in such a manner as to be capable 
55 of undergoing the lateral oscillations . A shape of the 
blade edge of the blade 20 will be described hereinafter. 
[0016] On the holder 21 a side, a shallow recess 210a 
is formed at a portion where the blade 20 is placed, and 
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the lateral width of the recess 21 Oa is set to be larger 
than the oscillating width for the lateral oscillations of 
the blade 20. The blade holder 21 a is detachably fixed 
to the holder block 21b by a screw (not shown) . The 
blade 20 can be removed with the second transmitting s 
member 23 by detaching the blade holder 21 . 
[0017] The first transmitting member 22 is held within 
a receiving groove 21 0c formed in the block 21 b in such 
a manner as to be capable of undergoing the lateral os- 
cillations. The upper and lower portions of the first trans- 10 
mitting member 22 in the vertical direction (in the Y di- 
rection) is held by the block 21 b. A vertical groove 22a 
for engagement with the eccentric pin 16 is formed in 
the first transmitting member 22. When the rotating shaft 
1 5 is rotated by the rotative driving of the motor 1 2, the is 
eccentric pin 16 engaged with the vertical groove 22a 
applies a lateral driving force to the first transmitting 
member 22. This causes the first transmitting member 
22 to oscillate laterally 

[0018] The second transmitting member 23 is held 20 
within the receiving groove 21 0b formed in the block21 b 
in such a manner so as to be capable of undergoing the 
lateral oscillations. The upper portion and the lower por- 
tion of the second transmitting member 23 in the vertical 
direction are respectively held by the block 21 b and the 25 
blade holder 21a. The first transmitting member 22 is 
provided at its lower portion with a protrusion 22b pro- 
jected to the blade 20 side, and the second transmitting 
member 23 is formed with a vertical groove 23a en- 
gaged with the protrusion 22b. As the first transmitting 30 
member 22 is oscillated laterally by the rotation of the 
rotating shaft 15 (circumferential or circular motion of 
the eccentric pin 16), the protrusion 22b engaged with 
the vertical groove 23a is laterally oscillated, thereby ap- 
plying lateral kinematics force to the second transmitting 35 
member 23. Accordingly, the second transmitting mem- 
ber 23 is laterally oscillated together with the blade 20 
fixed to the second transmitting member 23. 
[001 9] The cornea applanating member 24 is provid- 
ed on the front side (left-hand side in Fig. 2) of the blade 40 
20 so as to flatly applanate the cornea of the patient's 
eye in advance of incising and separating the corneal 
epithelium by the blade 20. Since the blade 20 incises 
and separates the corneal epithelium thus applanated 
flatly by the applanating member 24, a flap in which the 45 
corneal epithelium is separated from the Bowan's mem- 
brane is formed. 

[0020] Incidentally, in order to separate the corneal 
epithelium, the edge of the blade 20 is located below the 
lower surface of the applanating member 24 by a thick- so 
ness of the corneal epithelium. The distance between 
the lower surface of the applanating member 24 and the 
edge of the blade 20 is preferably set to be about 1 00 
to 300 um, and is set to be about 200 11m in this embod- 
iment. 55 
[0021 ] The suction unit 3 includes a fixing member 30, 
a suction ring 31, a suction pipe 32 and the like. The 
suction ring 31 is fixed to the main body 1 by the fixing 



member 30. The suction ring 31 has a substantially hoi- 
low cylindrical shape (a substantially U-shape in 
section) , which has a circular recessed, portion 31a 
adapted to abut against the patient's eye, and an open- 
ing 31b concentric to the recessed portion 31a. When 
the suction ring 31 is mounted on the patient's eye in 
place for surgery, the cornea of the patient's eye projects 
upward from the opening 31b, and a lower end portion 
of the suction ring 31 and an opening end portion (a pe- 
riphery) of the opening 31b are caused to abut against 
the patient's eye to define a space S for suction. 
[0022] The suction pipe 32 is embedded on (i.e. pro- 
jectingly provided on) the suction ring 31 , and connected 
through an unillustrated vacuum tube to a pump 41 . The 
vacuum tube is elongated to the pump 41 . A suction pas- 
sage 32a provided inside the suction pipe 32 communi- 
cates with the recessed portion 31 a, and as the air inside 
the space S Is sucked and discharged by the pump 41 
through the passage 32a, thesuction ring 31 is vacuum- 
fixed to the patient* s eye. 

[0023] In addition, an unillustrated pressure detection 
pipe is embedded on the suction ring 31 , and the pres- 
sure detection pipe is connected to a pressure detector 
33 through an unillustrated tube. The detector 33 de- 
tects, through the pressure detection pipe, the air pres- 
sure inside the space S sucked by the pump 41 . A con- 
trol portion 40 controls the operation of the motor 1 1 , the 
motor 12, the pump 41 , etc. on the basis of the air pres- 
sure detected by the detector 33. 
[0024] Next, the shape of the blade 20 will be de- 
scribed. Fig. 5A is a plan view showing the blade 20 and 
Fig. 5B is a sectional view showing the blade 20. The 
blade 20 has a width La of approximately 8 mm, a length 
Lb of approximately 12.9 mm and a thickness it of ap- 
proximately 0.25 mm. The reference numeral 300 de- 
notes two holes to which the second transmitting mem- 
ber 23 is fitted. A blade portion 302 having two upper 
and lower blade surfaces 303 is formed on the front side 
of the blade 20. Both of the blade surfaces 303 are 
formed with an inclination at the same angle with respect 
to a center line of the thickness Lt. An angle 61 formed 
by both of the blade surfaces 303 is set to be approxi- 
mately 10 to 70 degrees, preferably approximately 10 
to 50 degrees, and more preferably approximately 1 5 to 
40 degrees, and is set to be approximately 19 degrees 
in the embodiment. Moreover, both of the blade surfaces 
303 are polished to maintain a sharpness, in the case 
in which an edge portion 304 on the tip side is to be 
further sharpened, the angle 61 formed by both of the 
blade surfaces 303 is increased stepwise toward the 
edge portion 304. 

[0025] Fig. 6A is an enlarged view of Fig. 5B, illustrat- 
ing the edge portion 304. The edge portion 304 can in- 
cise a corneal epithelium and cannot incise a Bowman' 
s membrane which is harder than the corneal epitheli- 
um. For this reason, a height W1 of an edge surface 305 
of the edge portion 304 is set to be approximately 1 to 
70um, preferably approximately 1 to 50.um, and more 
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preferably approximately 2 to 20^im. The height W1 of 
the edge surface 305 is represented as a width of an 
intersection of the virtual extended surfaces of the blade 
surfaces 303 forming the angle 61 . The edge portion 304 
is formed such that the edge surface 305 has a large 
plane. If the connecting portion of the edge surface 305 
and the blade surface 303 is square, the Bowman's 
membrane can easily be incised. Therefore, the con- 
necting portion has a curved surface (roundness). A ra- 
dius of curvature R1 is approximately 0.5 to 35um, and 
preferably approximately 0.5 to 25um. Fig. 6B shows a 
variant of the edge portion 304 in Fig. 6A. An edge por- 
tion 304 1 is formed such that an almost whole edge sur- 
face 305* has a curved surface (the almost whole edge 
surface 305* becomes a connecting portion with the 
blade surface 303 having a curved surface). 
[0026] Description will be given to an operation for in- 
cising and separating a corneal epithelium using the ap- 
paratus described above. After the suction ring 31 is pro- 
vided on a patient's eye and the pump 41 is then oper- 
ated to suck air in the space S between the suction ring 
31 and the patient's eye, thereby reducing the air pres- 
sure. Consequently, the suction ring 31 is adsorbed and 
fixed to the patient's eye. In response to the signal of a 
foot switch 42, the control portion 40 drives the motor 
12 and the motor 11 . Consequently, the cutting unit 2 is 
moved (translated) rectilinearly in the direction of inci- 
sion and separation with the laterally oscillated blade 20 
held. 

[0027] A corneal epithelium is incised by the edge por- 
tion 304 of the blade 20 moved (translated) rectilinearly 
with the lateral, oscillations. Then, the edge portion 304 
reaches the Bowman's membrane underthecorneal ep- 
ithelium, and the harder Bowman's membrane than the 
corneal epithelium is not incised because of the shape 
of the edge portion 304 described above and the blade 
20 is moved (translated) rectilinearly to slide over the 
Bowman's membrane. Consequently, the corneal epi- 
thelium is separated from the Bowman's membrane (or 
a basement membrane under the corneal epithelium) 
and a flap is formed. At this time, the translating speed 
of the blade 20 is set to be approximately 0.4 to 6 mm/ 
sec and the lateral oscillation frequency is set to be ap- 
proximately 5,000 to 25,000 rpm. When the height W1 
of the edge surface 305 of the blade 20 is approximately 
2 to 10u.m, the translating speed of the blade 20 is pref- 
erably set to be approximately 2 mm/sec and the lateral 
oscillation frequency is set to be approximately 9,000 
rpm. The lateral oscillation of the blade 20 has a width 
of approximately 2 mm. 

[0028] Referring to the incision and separation of the 
corneal epithelium by the blade 20 described above, an 
experiment was carried out by using a pig eye. Figs. 7 
to 9 show the electron micrographs (a magnification of 
3,000) of the edges of three kinds of blades used in the 
experiment, and Figs. 7A, 8A and 9A are views showing 
the edge seen from a front and Figs. 7B, 8B and 9B are 
views showing the edge seen obliquely and laterally. 
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The translating speed of the blade 20 in. all the experi- 
ments is approximately 2 mm/sec and the lateral oscil- 
lation frequency is approximately 9000 rpm. Moreover, 
the corneal epithelium of the pig eye has a thickness of 
5 approximately 1 0Ouxn. 

[0029] The edge of a first blade shown in Figs. 7A and 
7B is formed such that the edge surface has a large 
plane as shown in Fig. 6A. The edge surface has a 
height W7 of approximately 6ujti, and the connecting 
10 portion of the edge surface and the blade surface has a 
curved surface (a radius of curvature is approximately 
1 u,m). A flap in which only the corneal epithelium is sep- 
arated could be formed smoothly by the first blade. 
[0030] The edge surface of a second blade shown in 
*5 Figs. 8A and 8B has a height W8 of approximately 2u.m 
and is formed such that the almost whole edge surface 
has a curved surface as shown in Fig. 6B. A part of the 
curved surface has a portion (burr) which is not smooth. 
By the second blade, therefore, the separation of the 
20 corneal epithelium could be smoothly carried out by ap- 
proximately 80% and approximately 20% of the residua! 
corneal epithelium was incised up to a corneal stroma. 
More specifically, the corneal epithelium can be sepa- 
rated smoothly in a portion in which the curved surface 
25 js smooth. 

[0031] The edge surface of a third blade shown in 
Figs. 9A and 9B has a height W9 of approximately 5u.m, 
and the connecting portion of the edge surface and the 
blade surface does not have a curved surface but is 
square. By the third blade, therefore, the separation of 
the corneal epithelium can be smoothly carried out by 
approximately 50% and approximately 50% of the resid- 
ual corneal epithelium was incised up to a corneal stro- 
ma. 

[0032] From the results of the experiments, if the con- 
necting portion of the edge surface and the blade sur- 
face has the curved surface with the edge surface hav- 
ing a height of approximately 2|xm, only the corneal ep- 
ithelium can be separated without incising the corneal 
stroma. In consideration of the fact that the pig eye does 
not have the Bowman's membrane but a human eye has 
a much harder Bowman's membrane than the corneal 
stroma, it is possible to separate only the corneal epi- 
thelium without incising the Bowman's membrane even 
if the height of the edge surface is set to be approximate- 
ly turn. 

[0033] Figs. 10A and 10B show the electron micro- 
graphs (a magnification of 1 0,000) of the edge of a blade 
for conventional LAS IK. Fig. 1 0A is a view showing the 
edge seen from a fronL and Fig. 1 0B is a view showing 
the edge seen obliquely and laterally. It is apparent that 
the height of the edge surface is much shorter than 1p.m 
(more sharpened) in order to incise a hard Bowman's 
membrane in the blade for LASIK. 
[0034] Next, description will be given to the relation- 
ship between the rectilinear movement and lateral os- 
cillation (lateral sliding) of the blade 20 and the incising 
angle of the edge (the height of the edge surface) with 
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reference to Fig. 11 . It is assumed that the blade 20 is 
moved rectilinearly by an x distance in an upward direc- 
tion while the blade 20 is slid in a right lateral direction 
in Fig. 11 . At this time, an abutment point PS of the edge 
is relatively moved in a track of PS- PE over the blade 
and a movement distance is represented by D. If the 
thickness from the edge to a point x is represented by 
d. an incising angle p at this time forms the same shape 
as the sectional shape of the edge passing through PS 
- PE and a more sharpened tip than an actual edge an- 
gle a (a section in the direction of an x distance). Ac- 
cordingly, in the case in which the height of the edge 
surface of the blade 20 is set to be greater than approx- 
imately 6u.m in the experiment (for example, in the case 
of approximately 50um), a lateral oscillation speed (fre- 
quency) is relatively increased with respect to a trans- 
lating speed so that the edge can be apparently sharp- 
ened to incise the corneal epithelium. 
[0035] On Ihe other hand, in the case in which the 
height of the edge surface of the blade 20 is set to be 
smaller than approximately 2ujn, it is preferable that the 
lateral oscillation speed (frequency) should be relatively 
reduced with respect to the translating speed. Conse- 
quently, it is possible to prevent the incision of the Bow- 
man's membrane and the corneal stroma. 
[0036] By setting the height of the edge surface of the 
blade 20 and the translating speed and lateral oscillation 
speed (frequency) of the blade corresponding thereto, 
a corneal epithelium flap can easily be formed. The flap 
edge also becomes smoother than that of a convention- 
al golf knife. Moreover the blade 20 can be exchanged. 
Therefore, it is also possible to form a flap incised like 
a layer up to the corneal stroma by an exchange into the 
blade for LASIK. 

[0037] While the blade 20 is translated rectilinearly in 
the embodiment, it may be translated annularly. More- 
over only the lateral oscillations of the blade may be 
carried out by a driving source such as a motor and the 
rectilinear movement (translation) may be carried out 
manually. 

Second Embodiment 

[0038] Next, a second embodiment of the invention 
will be described with reference to the drawings . Fig. 
1 2 is an outline view showing the schematic structure of 
a corneal surgical apparatus according to the second 
embodiment. 

[0039] The reference numeral 101 denotes an appa- 
ratus body having a blade 1 04 for separating a corneal 
epithelium and an arc-shaped flame 102 to be a holder 
for holding the blade 104. The frame 102 is pivotable 
around a shaft 102a and can regulate a spacing (a ten- 
sile strength) between opposite ends of the frame 102 
for holding the blade 104. The reference numeral 102b 
denotes a holding portion which is held by an operator 
with fingers during surgery and is provided integrafly 
with the frame 102. 



[0040] The reference numeraJ 103 denotes a screw 
bar to open and close the frame 1 02 like a pair of com- 
passes to be used for drafting. The reference numeral 
1 02c denotes a female screw provided on the frame 1 02 
5 and engaged with a male screw 1 03a of the screw bar 

103, and the female screw 102c and the male screw 
103a are right-handed screws. Moreover, the reference 
numeral 1 02d denotes a female screw provided on the 
frame 1 02 and engaged with a male screw 1 03b of the 

10 screw bar 1 03, and the female screw 1 02d and the male 
screw 103b are left-handed screws. The reference nu- 
meral 103c denotes a knob provided in the central part 
of the screw bar 1 03. The opposite ends of the frame 
1 02 can be opened and closed by rotating the knob 1 03c 

*5 while the shaft 102a is set at a rotation center. 

[0041 ] The blade 1 04 is formed of a band-shaped thin 
steel plate and is fitted in an attachment groove 1 02e 
formed on the opposite ends of the frame 102, respec- 
tively. Bent portions 104a are provided on Lhe opposite 

20 ends in the longitudinal direction of the blade 104 and 
are caught on the outside of the attachment groove 
102e. In the case in which the thickness of the blade 
104 is small, a thick block may be fixed in place of the 
bent portion 104a. Metal such as stainless or steel is 

25 utilized for the material of the blade 1 04 (thin steel plate). 
[0042] A length Al (a spacing between opposite ends 
of the frame 102) of an edge portion 104b of the blade 
104 estimates the amount of movement of the lateral 
oscillations of the blade 104, and is preferably approxi- 

30 mately 1 0 mm to 30 mm and is approximately 1 5 mm in 
the embodiment. It is preferable that a thickness B1 of 
the blade 104 should be more or less thin in order to 
smoothly separate the corneal epithelium. If the thick- 
ness is too decreased, a strength is reduced. Therefore, 

35 the thickness B1 is preferably approximately 5 to 70|im 
and is approximately 20ujn in the embodiment. It is pref- 
erable that a width C1 of the blade 1 04 should be more 
or less great in order to maintain the tensile strength of 
the blade 1 04. If the width Ct is too increased, the sep- 

40 arated corneal epithelium is apt to stick. Therefore, the 
width C1 is preferably approximately 0.3 to 5 mm, more 
preferably approximately 0.5 to 2 mm and approximate- 
ly 1 mm in the embodiment. In the case in which the 
thickness B1 is reduced, it is preferable that the width 

45 C1 should be increased relatively. 

[0043] Fig. 1 3A is a sectional view showing the blade 

104. A blade surface 104c is formed on the upper and 
lower surfaces of the edge portion 104b of the blade 104 
(the two blade surfaces 1 04c are provided in parallel 

50 with each other), and the connecting portion of an edge 
surface 104d and the blade surface 104c is caused to 
have a curved surface (roundness). It is preferable that 
a radius of curvature R2 should be approximately 0.5u.m 
or more. 

55 [0044] Figs. 1 3B and 1 3C show a variant of the blade 
104 in Fig. 13A. Blades 1 04' and 1 04" have a thickness 
B2 of approximately 70u.m. An edge portion 104b' of the 
blade 1 04* is formed such that an edge surface 1 04d* 
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has a large plane. An edge portion 104b" of the blade 
104" Is formed such that an almost whole edge surface 
1 04d" has a curved surface. A radius of curvature R2 of 
the curved surface can be varied with respect to the 
thickness B2 (B1 ). For example, the radius of curvature 
R2 is approximately 35^im in the case of the edge por- 
tion 104b". 

[0045] In the case in which the blade 1 04 is to be at- 
tached to the frame 102, first of all, the knob 103c is 
turned to reduce the spacing between opposite ends of 
the frame 102 and the blade 1 04 is fitted in the attach- 
ment groove 102e. Then, the knob 103c is turned in a 
reverse direction to increase the spacing between both 
ends of the frame 1 02. Thereafter, the knob 1 03c is 
turned until the bent portion 1 04a is pushed against the 
attachment groove 1 02e. Thus, the blade 1 04 is fixed to 
the aLLachment groove 102e. furthermore, Lhe knob 
103c is turned to regulate the tension of the blade 104 
such that the cornea is rectilinearly flattened when the 
lower surface of the blade 104 (or the edge surface 
104d) is pushed against the cornea. 
[0046] As a method of fixing the blade, holes 104'e 
may be formed through the blade 104*. through which 
shafts 102f provided on opposite ends of a frame 102' 
pass to fix the blade 104' as shown in Fig. 14 illustrating 
the variant of the apparatus in Fig. 12. 
[0047] Description will be given to an operation for in- 
cising and separating a corneal epithelium using the ap- 
paratus described above. As shown in Fig. 15, first of 
all, an annular (horseshoe-shaped) cut region 121 leav- 
ing a hinge in a corneal epithelium 120 is formed by us- 
ing an epi-trephine or a golf knife to previously form an 
edge for preparing a flap. Next, the holding portion 1 02b 
of the frame 1 02 is held with fingers, and the blade 1 04 
is inserted into the cut region 1 21 from the edge portion 
1 04b and is laterally oscillated in a longitudinal direction, 
and simultaneously, is rectilinearly moved (translated) 
forward (in a D1 direction) so as to separate the corneal 
epithelium 120 as shown in Fig. 16. At this time, as 
shown in Fig. 17, the cornea is flattened at the lower 
surface of the blade 104. Although the edge portion 
104b reaches a Bowman's membrane 131, the blade 
104 is moved (translated) rectilinearly to slide over the 
Bowman's membrane 131 because of the shape of the 
edge portion 104b described above. Consequently, the 
corneal epithelium 120 is separated from the Bowman's 
membrane 131 (or a basement membrane under the ep- 
ithelium) and a flap 120a is formed. 
[0048] Fig. 18A is an outline view showing a variant 
of the blade 1 04' in Fig. 1 4. A blade 1 40 is wholly thick- 
ened to increase a strength and is prevented from being 
deformed when it is pushed against the cornea. A resin 
as well as metal such as stainless or steel are utilized 
for the material of the blade 1 40. A polyacetal resin may 
be used for the resin but a fluororesin (PTFE) having an 
excellent sliding property and a hydrophilic resin are 
preferred. In the case in which the blade 140 is formed 
of the resin, it has a lower rigidity than that of the metal 
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and is thereby wedge-shaped. Moreover, if resin mold- 
ing is carried out in consideration of a disposable type, 
a cost can be reduced. 

[0049] In the blade 140, a thickness B3 is preferably 
5 approximately 0.2 to 3 mm and is approximately 2 mm 
in the embodiment. An edge portion 1 43 has a length 
which is preferably approximately 10 mm to 30 mm and 
is approximately 15 mm in the embodiment. Moreover, 
the blade 140 has a width C2 which is preferably ap- 
10 proximately 1 to 5 mm in the case in which it is formed 
of metal, and is approximately 1 to 1 0 mm in the case 
in which it is formed of a resin having an excellent sliding 
property. In the embodiment, the resin having an excel- 
lent sliding property is used and the width C2 is set to 
f5 be approximately 5 mm. Two holes 1 41 are for fixing the 
fix blade 140 to the shaft 1 02f provided on the opposite 
ends of the frame 1 02' by passing the shaft 1 02f there- 
through. 

[0050] Fig. 18B is an enlarged sectional view of Fig. 
18A : illustrating the edge portion 143. Two blade surfac- 
es 142 are inclined and an angle 02 formed by both 
blade surfaces 142 is preferably approximately 1 0 to 70 
degrees and is approximately 25 degrees in the embod- 
iment. An edge surface 143a has a height W2 which is 
preferably approximately 1 to 70\xm. The edge portion 
143 is formed such that the edge surface 143a has a 
large plane, and the connecting portion of the edge sur- 
face 143a and the blade surface 142 has a curved sur- 
face in the same manner as in the previous example. A 
radius of curvature R3 is preferably .approximately 0.5 
to 35u.m. Fig. 1 8C shows a variant of the edge portion 
1 43 in Fig. 1 8B, and an edge portion 1 43* is formed such 
that an almost whole edge surface 1 43a* has a curved 
surface. 

[0051] While the lateral oscillations of the blade is car- 
ried out manually in the embodiment, it may be per- 
formed by a power source such as a motor as in the first 
embodiment. 



Claims 

1 . A blade for corneal surgery for separating a corneal 
epithelium in a flap shape, comprising: 

upper and lower blade surfaces; and 
an edge surface connecting the upper and low- 
er blade surfaces, the edge surface having a 
height of 1 to 70^m and a connecting portion 
with each of the upper and lower blade surfaces 
having a curved surface. 

2. The blade according Lo claim 1 , wherein the curved 
surface in the connecting portion has a radius of 
curvature of 0.5 to 35u,m. 

3. The blade according to claim 1 or 2, wherein an an- 
gle formed by the upper and lower blade surfaces 
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is 10 to 70 degrees . 

4. The blade according to claim 1 , wherein 

the height of the edge surface is 1 to 50um, 

an angle formed by the upper and lower blade 5 
surfaces is 10 to 50 degrees, and 

a radius of curvature of the curved surface in 
the connecting portion is 0.5 to 25um. 

5. A corneal surgical apparatus having the blade ac- io 
cording to any one of claim 1 to 4 further comprising 

a holder for detachably holding the blade. 

6. The corneal surgical apparatus according to claim 

5, further comprising: 75 

oscillating means for laterally oscillating the 
blade, and 

translating means for moveing and translating 
the blade in a direction of separation. 20 

7. The corneal surgical apparatus according to claim 

6, wherein a lateral oscillation frequency is 5,000 to 
25,000 rpm and a translating speed is 0.4 to 6 mm/ 
sec. 25 
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